Abstract: A sample of clay loam vineyard soil, containing the nematode Xiphinema index, was divided into equal portions and stored in plastic bags. Nematodes were extracted immediately or remained in fridge for a short time or at room temperature for longer periods. The number of extracted nematodes did not differ significantly between treatments, indicating that X. index in soil samples collected for diagnostic purposes could remain viable for a period up to six months. Four other samples, of similar soil type, were collected from different vineyards and kept stored in plastic bags at room temperature. Variable periods of nematode survival recorded, ranging from less than two years in one sample, up to five years in another one. It is concluded that a long fallow period of at least five years may be required between successive grapevine crops to eliminate the nematode from clay loam soils.
Introduction
One of the most severe viral diseases of the grapevine crop is Grapevine Fanleaf Virus (GFLV), which is transmitted by the ectoparasitic nematode Xiphinema index Thorne et Allen (1950) (Andret-Link et al. 2004) . Control strategies to eliminate the nematode before replanting infected areas are mainly directed to vineyard fallowing (Lamberti 1981; Raski et al. 1983 ). However, the nematode is able to survive in fields after uprooting the vineyards, for periods up to 4.5 years (Raski et al. 1965) . Also a four year survival period of the nematode, with a concomitant retention of the GFLV, was recorded when kept in vineyard soil stored in the lab (Demangeat et al. 2005) .
Xiphinema index is widespread in grapevine areas of Greece (Tzortzakakis et al. 2008) but no studies have been done to determine its survival in fallow conditions. In earlier surveys for the presence of nematode in remote areas of Greece (e.g., Aegean islands), we faced the problem of manipulating soil samples as there was not laboratory infrastructure for immediate nematode extraction/identification closely to the investigated area.
The objective of this work is to determine the survival of X. index in soil samples stored in plastic bags in fridge and at room temperature for various periods so as to estimate the longevity of the nematode in soil, when a long transportation period is required to the appropriate laboratory for identification/study purposes and to evaluate the duration of the fallow period required between grapevine crops to eliminate the nematode in clay loam soils.
Material and methods
All tested soils were from vineyards closely to the area of Heraklion, Crete and had been characterized as clay loam (sand 28-35%, clay 20-38%, loam 30-42% and pH 6.73-7.54).
The survival of Xiphinema index in samples of a clay loam soil stored in plastic bags in fridge or at room temperature for a period up to six months In order to access the survival of X. index in packed soil, which cannot be processed immediately but a transportation period, from a few days till a couple of weeks, to the lab may be required, five approaches for processing samples were investigated.
Soil from a grapevine, collected in October 2010, where X. index was present, was mixed thoroughly after removing stones and root particles and divided into 250 g samples which were put in tied plastic bags. Soils were processed for nematode extraction by decanting and sieving method using two sieves with apertures 2 mm to remove coarse material and 150 µm to collect nematodes, which were separated from fine soil particles after migration through extraction dishes constructed with a 95 µm pore net over shallow water (Brown & Boag 1988) . The number of active nematodes (females and juveniles) was counted omitting those with transparent intestine and sluggish movement. The examination of dishes for nematodes lasted up to five days as thereafter no more nematodes were recovered. The following six treatments with five replicates each were compared.
Control. The soil samples were immediately extracted and processed for counting. Treatment 1. The soil samples were extracted (hypothetically in place of collection) and the residue of the 150 µm sieve was collected in a 50 ml plastic vial with a screwed cap. The vial was left undisturbed for several hours for the nematodes to settle down and, with a pipette, the supernatant was carefully discarded, till the volume made c 2013 Institute of Zoology, Slovak Academy of Sciences up to ca. 20-30 ml. The supernatant was checked with a stereoscope and was found to be free of nematodes. The vials were caped, stored in a fridge for 12 days and afterwards refilled with water, caped tightly and stayed in the lab, at room temperature, for 24 h. This period simulates a hypothetical period required for the vials to be transferred by a plane from the place of soil collection to the lab. After that, the content of the vial spread within an extraction dish composed by a 95 µm pore net for nematode recovery. This method has got the advantage that the transportation of whole soil samples could be avoided, since extraction is done at the place of sample collection and the final weight of each sample is restricted to less than 50 g, allowing several samples to be carried inside a handbag.
Treatment 2. The bags containing the soil samples were put in the fridge for 12 days (hypothetically in place of collection) and thereafter remained at room temperature for 24 h (hypothetical time required for plane transportation), before extraction. That can be done if the number of soil samples is low, so they can be easily transported by plane and upon arrival in the lab, all can be immediately extracted within a few hours.
Treatment 3. The soil samples were put in the fridge for 12 days (hypothetically in place of collection), remained at room temperature for 24 h (hypothetical time required for plane transportation as described in treatment 2) and put again for a further seven days in the fridge (hypothetically to the lab place) before extraction. The second period of seven days inside the fridge simulates the case where a great number of soil samples arrive to the lab and cannot be immediately processed.
Treatment 4. The soil samples remained at room temperature under shade for three weeks before extraction. This treatment simulates a long period required for sample collection and transportation by track and ferry boat to the lab.
Treatment 5. The soil samples remained under shade at room temperature for six months (October-April) before extraction.
In these treatments we assumed that soil samples would have been packed properly and they would not have been subjected to extreme high or low temperatures and shakes during transportation. The temperature in the fridge was 4-6 The survival of Xiphinema index in four different clay loam soils, for a period up to five years. Four soil samples had been brought by farmers to the laboratory for investigating the nematode presence. Soil 1, received on September 2006, originated from a newly established American rootstock designated to be grafted with the cv. Sultana that had been planted in a field with a previous grapevine crop, after one year fallow. Soil 2, received on May 2007, soil 3, received on July 2008, and soil 4, received on May 2009, had been collected from 10, 15 and 20 year old grapevines cv. Sultana grafted on American rootstock. Each soil was mixed thoroughly after removing stones and root pieces. The soil 1 was divided in samples of 1 kg each in separate plastic bags which were sealed and stored in a cupboard, at room temperature ranging from 13-33
• C. The other soil samples remained in bags, which were sealed and kept stored in the same place. At intervals of 2-12 months, either one bag from soil 1 or one sample of 0.5 kg from each bag of the other soils, were processed for nematode extraction and counting, as described and all counts expressed per kg of soil. When a sample was found free of nematodes, two additional samples were checked to confirm the extinction of the population.
Results and discussion
The survival of Xiphinema index in samples of a clay loam soil stored in plastic bags in fridge or at room temperature for a period up to six months E.A. Tzortzakakis There were no statistical differences between means of the five treatments and control (P > 0.05) (Fig. 1) . The mean percentage of females ranged from 43 to 52% and did not differ significantly between treatments (data not shown).
The survival of Xiphinema index in four different clay loam soils for a period up to five years Within the first year, the population in soils 3 and 4, with a density of 488 and 214 nematodes per kg, indicated a survival rate of 41% and 76% while in soils 1 and 2, with a density of 76 and 84 nematodes per kg that was about 100% (Fig. 2) . In the second year, the population in soil 3 had disappeared while in soils 2 and 4 survived at 33% and 28%, respectively. The populations in soil 2 decreased to zero sometime between the second and third year while in soil 4 survived at 7% at the end of the third year but was extinct within the following six months (Fig. 2) .
In soil 1, the survival rate after 27 months was 46% and at the end of the third year was 26%. A percentage of 8% of the nematodes were still alive after four years and one active female (1.3% of the population) was found surviving after five years. Two months later no nematodes were recovered. The trend of decrease was similar for females and juveniles but the juvenile extinction was earlier than the end of the four years period (Fig. 3) .
The conclusions of this work are based on experiments with clay loam soils having minimal humidity during collection and storage and cannot be generalized for other soil types. Furthermore, no information derived on a possible effect of the soil fauna on nematode survival. For example, if there are predators or any nematode parasites, they may have a significant role in rapid decline of X. index.
The nematode can efficiently survive in clay loam soil samples within tied plastic bags, kept at fridge for a short period or at room temperature up to six months, without a significant decline. The nematodes also survive in the residue of the final extraction sieve containing soil particles and debris stored shortly in the fridge. This ability of survival is an advantage when surveys conducted in areas which are far away from the laboratory.
The results of nematode survival up to five years are in agreement with data published for survival of X. index in large amounts of grapevine soil stored in 35 L ice chests lined with plastic bags at 7 and 20
• C for periods from two up to four years (Demangeat et al. 2005 ). The X. index populations from Crete, in the study presented here, have been subjected to higher temperature and drying stress, as they had been stored in small bags and kept in a cupboard at room temperature which in winter dropped to 13
• C and in summer months increased up to 33
• C. Even under these "unfavourable" conditions, the ability to survive for five years was recorded in 1% of the population in one of the tested soils. This survival of X. index, emphasizes the necessity of a long fallow period up to five years between successive grapevine crops, in clay loam soils of Crete. Examination of soil samples, brought by growers from areas of Heraklion, revealed the presence of the nematode in fields, from where grapevines had been removed 1-3 years ago (Tzortzakakis 2012) . In Cyprus, a total decline of X. index in field was found to be from 40 to 52 months after uprooting the vineyards (Philis 1994) .
